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There is interest in building alternative dairy production systems in New Zealand involving 
sheep. However, there is currently no national breeding scheme to ensure that genetic change 
will occur in the right direction. The objective of this study was to develop a prototype 
genetic evaluation of milk traits, live weight, somatic cell score, and litter size at birth, and a 
selection index for dairy sheep. The flock consisted of 123 crossbred ewes with a mixture of 
East Friesian, Highlander, Polled-Dorset and Poltex breeds. A total of 479 monthly flock tests 
for milk volume and percentages of fat, protein and lactose, and somatic cell count were 
obtained during the production season 2015-16. Corresponding first let-down time (FLDT) 
and yields (FLDY) were recorded at afternoon milkings. Ewes were weighed four times 
during the production season and litter size was recorded at birth (LS). Lactation curves for 
each ewe were derived using a random regression model with an orthogonal polynomial of 
3rd order for fat and lactose daily yields, and an orthogonal polynomial of 4th order for milk 
and protein daily yields. Average ± SE for lactation length (LL) was 126±4.32 days and 
averages of accumulated yields were 234±9.10 litres milk, 16.5±0.65 kg fat, 13.0±0.56 kg 
protein and 12.6±0.48 kg lactose. Average FLDT and FLDY were 79±2.02 seconds and 
0.5±0.01 litres, respectively. Averages were 17.5±0.16 for somatic cell score (SCS), 
75.9±0.88 kg for live weight (LWT) and LS 2.0±0.06 lambs born per ewe. The coefficient of 
variation was 38% for lactation length and between 42 and 47% for yields. Breeding values 
for the different traits were estimated from a multiple-trait animal model using heritability 
and genetic correlations published in the literature and phenotypic standard deviations 
obtained from the data set. Economic values (EV) were derived from relative economic 
weights desired by the famer and genetic standard deviations of the traits. The economic 
values were $0.516/day for LL, $2.00/kg milk, $6.73/kg fat, $8.37/kg protein, -$0.81/kg 
LWT, -$46.80/unit of SCS, -$1.80/s of FLDT, $332.30/kg FLDY and $44.00/lamb of LS. It 
is recommended that the Gunsons use these EVs to calculate a selection index for the ranking 
of ewes and rams to be selected as parents of the next generation. This will achieve genetic 
gain for each of the traits in the right direction, in the right proportion as well as producing 







I would like to express sincere gratitude to my two supervisors Professor Nicolas Lopez 
Villalobos and Dr. Sam Peterson for their guidance, assistance and supportive supervision 
through my masterate studies at Massey University. Professor Nicolas Lopez Villalobos 
significantly contributed to the authors understanding of linear models required to estimate 
breeding values and the designing of breeding programs for animal production. Professor 
Lopez Villalobos was always accommodating and provided valuable expertise with 
supportive comments, seemingly impossible challenges and encouragement above and 
beyond the call of duty. Dr. Sam Peterson has contributed greatly to my research, writing and 
presentation skills as well as my involvement in the New Zealand sheep dairy industry. Dr. 
Peterson always made himself available at all times and constantly provided feedback, 
constructive criticism and advice. I cannot express, fully, the gratitude towards these 
supervisors, for every discussion, whether it be academic or general chat, was an absolute 
pleasure. Not only has the support from both supervisors enabled the completion of this 
thesis, but also, enlightened me to the satisfaction of achievement and created a strong 
interest in the challenging aspects of animal breeding. 
 
I would like to acknowledge the assistance of Andy and Kat Gunson in providing the data for 
this research. Thank you for your accommodating approach during on-farm data collection 
and your willingness to share information and understanding the process involved in this 
research.   
 
I would also like to acknowledge the friendly environment provided by all personnel of the 
Institute of Veterinary, Animal and Biomedical Sciences (IVABS) and Miss Debbie Hill 
postgraduate and research administrator for attending to any postgraduate needs. 
 
Acknowledgment is also given to the financial support provided by Massey University 
IVABS Research Fund for Postgraduate Students, Leonard Condell Farming Trust and the 
Janet Murray Trust. The funding provided by these funding bodies was invaluable for the 
completion of my postgraduate studies. 
 
I would also like to thank my family, co-family and flat-family for their endless support and 
encouragement over the years. 
iii 
 
Table of Contents 
Chapter 1 .................................................................................................................................. 1 
General introduction ............................................................................................................... 1 
Chapter 2 .................................................................................................................................. 5 
Literature review: Aspects of genetic improvement of dairy sheep .................................... 5 
2.1 Sheep production systems worldwide .................................................................................. 6 
2.2 Husbandry systems .............................................................................................................. 8 
2.3 Breeding program .............................................................................................................. 11 
2.3.1 Breeding objectives ......................................................................................................... 14 
2.3.1.1 Determination of traits ............................................................................................. 15 
2.3.1.2 Calculation of economic values ............................................................................... 17 
2.3.2 Development of a selection index ................................................................................... 19 
2.3.2.1 Estimation of breeding values using best linear unbiased prediction ...................... 20 
2.3.2.2 Estimation of genomic breeding values ................................................................... 25 
2.3.3 Selection schemes ........................................................................................................... 26 
2.3.4 Dissemination system ..................................................................................................... 28 
2.3.5 Crossbreeding ................................................................................................................. 30 
2.3.6 Economic analysis of the breeding program ................................................................... 31 
2.3.7 Estimation of genetic parameters .................................................................................... 32 
2.3.8 Conclusion ...................................................................................................................... 37 
Chapter 3 ................................................................................................................................ 39 
Material and methods ............................................................................................................ 39 
3.1 Materials ............................................................................................................................ 40 
3.2 Methods.............................................................................................................................. 42 
3.2.1 Recording ........................................................................................................................ 42 
3.2.2 Lactation curves and prediction of total yields ............................................................... 42 
3.2.3 Estimation of breeding values ......................................................................................... 43 
3.2.4 Economic values and relative economic weights ........................................................... 45 
3.2.5 Selection index ................................................................................................................ 46 
3.2.6 Genetic gain .................................................................................................................... 47 
Chapter 4 ................................................................................................................................ 49 
Results ..................................................................................................................................... 49 
4.1 Descriptive statistics .......................................................................................................... 50 
4.2 Lactation curves ................................................................................................................. 51 
4.3 Effect of lactation number ................................................................................................. 52 
4.4 Estimated breeding values ................................................................................................. 54 
4.5 Genetic gain ....................................................................................................................... 54 
iv 
 
Chapter 5 ................................................................................................................................ 61 
Discussion................................................................................................................................ 61 
5.1 Performance of the flock .................................................................................................... 63 
5.2 Lactation curves ................................................................................................................. 64 
5.3 Economic values ................................................................................................................ 67 
5.4 Estimated breeding values and selection index ................................................................. 68 
5.5 Genetic gain ....................................................................................................................... 69 
5.6 Practical implications and conclusions .............................................................................. 70 





List of Tables 
Table  Page 
2.1 Sheep milk production and number of milking animals (FAO, 2013). 6 
2.2 Production levels of dairy sheep in different countries and breeds. 10 
2.3 Estimation of heritability values for traits considered in a breeding objective 
for dairy sheep in New Zealand, sourced from publications listed. 
33 
2.4 Estimated phenotypic (above diagonal) and genetic correlations (below 
diagonal) between traits considered in the breeding objective for New 
Zealand dairy sheep, sources listed over page. 
35 
3.1 Genetic parameters for traits1 considered in the genetic evaluation of the 
Gunson’s dairy sheep flock. Phenotypic (above diagonal) and genetic 
correlations (below diagonal). 
45 
3.2 Relative economic weights (REW) and economic values of traits included in 
the selection index for the Gunson’s dairy sheep flock. 
46 
4.1 Descriptive statistics of variables considered in the genetic evaluation of the 
Gunson’s dairy sheep flock for the 2015/16 season. 
50 
4.2 Lactation length, predicted yields at 150 days in milk, milking 
characteristics, live weight and litter size of the Gunson’s dairy ewes of 
different lactation number. Data are means and standard errors (SE). 
53 
4.3 Estimated breeding values for lactation length, 150-day accumulated yields 
of milk, fat, protein and lactose, milking characteristics, live weight, litter 
size and the economic breeding index (dsEBI) of the Gunson’s dairy ewes 
for different birth years. Data are means and standard errors (SE). 
57 
4.4 Lactation length, predicted yields at 150 days in milk, milking 
characteristics, live weight and litter size and estimated breeding values and 
the economic breeding index (dsEBI) of the top 20 dairy ewes of the 
Gunson’s dairy sheep flock (TOP) and the rest of the population (POP). Data 




List of Figures 
Figure  Page 
2.1 A systematic approach to design breeding programs (Lopez-Villalobos and 
Garrick, 2005). 
11 
4.1 Lactation curves for daily yields of milk (a), fat (b), protein (c) and lactose 
(d) for the Gunson’s dairy sheep flock, mean (blue) and a high- (dotted) and 
a low-yielding ewe (dashed). 
51 
4.2 Distribution of estimated breeding values for 150-day yields for milk (a), fat 
(b), protein (c) and lactose (d), and live weight (e) and somatic cell scores 
(f) of Gunson’s dairy sheep flock. 
55 
4.3 Distribution of estimated breeding values for First let-down time (a), First 
let-down yield (b), lactation length (c) and litter size (d) of Gunson’s dairy 
sheep flock. 
56 
4.4 Estimated genetic gain in Gunson’s dairy sheep flock after 20 years of 






Table of Abbreviations 
AI   Artificial insemination 
BLUP  Best linear unbiased prediction 
BO  Breeding objective 
BV  Breeding value 
DFREML Derivative-free restricted maximum likelihood estimation 
dsEBI  Dairy sheep economic breeding index 
EBV  Estimated breeding values 
EV  Economic value 
FLDY  First let-down milk yield 
FLDT  First let-down time 
FY  Fat yield 
GBV  Genomic breeding values 
GLS  Generalized least squares  
HYE  High-yielding ewe 
LL  Lactation length 
LS  Litter size 
LWT  Live weight 
LY  Lactose yield 
LYE  Low-yielding ewe 
MME  Mixed-model equations 
MOET  Multiple ovulation and embryo transfer 
MY  Milk yield 
PY  Protein yield 
REML  Restricted maximum likelihood estimation 
REW  Relative economic weight 
REV  Relative economic value 
rTI  Correlation between breeding objective and selection index 
SAS  Statistical analysis software 
SI  Selection index 
SCS  Somatic-cell score 
SNP  Single-nucleotide polymorphism 
T  Breeding objective 
TBV  True breeding value
